Carrot pomace is a major by-product obtained during the industrial juice extraction process, which is discarded contributing to environmental pollution. This residue is rich in fiber, and contains high amounts of carotenoids and phenolic compounds that could contribute to its application as functional ingredient, improving the quality of foods and helping to reduce the environmental problem. In this study, carrot pomace powders obtained by microwave or hot air drying were incorporated into cookies in order to improve their phytochemical content. Cookies were prepared using a traditional cookie recipe substituting 30% of the wheat flour for either of the carrot pomace powders. Fiber, carotenoids and phenolic compounds were determined; image analysis and acceptability of the cookies were also conducted. The substitution of 30% of wheat flour for carrot pomace powders increased 3.7 fold the total dietary fiber of cookies, from 7.13 g/100g to 26.44 g/100g; accounting the 7.4% of fiber daily intake with the consumption of one cookie (7 g). A similar pattern was found in the content of carotenoids and phenolic compounds. Carrot pomace dried with microwaves had the highest amount of these bioactive compounds. β-carotene, epicatechin, gallic and ferulic acids were identified in cookies with microwave carrot pomace powder. The cookies incorporated with carrot pomace powders exhibited improved antioxidant properties because of the increase in the phytochemical content. Acceptable cookies with appealing orange color were obtained. The results indicated that the replacement of wheat flour for carrot pomace powders yielded dietary fiber enriched cookies with improved carotenoid content.
Introduction
In carrot juice production up to 50% of the raw material remains as pomace which is mainly disposed as feed or manure. However, this pomace contains large amounts of valuable compounds such as carotenoids, dietary fiber [1] , uronic acids and neutral sugars [2] . Sometimes the pomace has posed environmental problems; therefore, new technologies are needed to decrease the problem [3] [4] [5] [6] . These could profitably be used to develop value added products with optimal phytochemical and fiber content without scarifying taste or convenience, not only providing nutritious products but also aiding in efficient utilization of carrot pomace, reducing environmental problems [7] . of different diseases. The dramatically increasing prevalence of obesity, especially among children, has become a major public health problem [16] . Overweight conditions in childhood are associated with increased risk for chronic diseases and other health concern [17, 18] .
A broad range of activities and initiatives are currently being implemented to control pediatric and adult obesity, among these, improving the nutritional value of foodstuff is a key area [16] .
Wheat bread and cookies are widely accepted and consumed in many developing countries offering a valuable supplementation vehicle for children nutritional improvement; however, cookies have been suggested for many authors as a better use of composite flour than bread because of their ready-to-eat form, wide consumption and relatively long shelf-life [19] . Recently cookies have been added with different types of fibers from vegetable and fruit sources in order to increase the fiber content, improve the texture, reduce the energy content and improve the color and aroma of the final product [20] .
The objective of our study was to use the carrot pomace dried (CPD) in microwave oven or conventional oven as an ingredient in a cookie formulation to increase fiber and phytochemical content.
Materials and Methods
Carrots were purchased from a local market in Mexico City and the carrot pomace was obtained from juice extraction (Juice extractor, Moulinex 753, Mexico). It was obtained a 51.6% of juice and 48.4% of carrot pomace.
Microwave Drying, Experimental Design
Response Surface Methodology (RSM) was used to find the best microwave drying conditions. The independent factors were powder (595, 700, and 770 Watts), and time (15, 20, and 25 min) . The responses were moisture (Y 1 ), temperature (Y 2 ) and color parameter a * (Y 3 ) of carrot pomace. Actual and coded values of variation levels are shown in Table 1 . An orthogonal routable central composite design, for K = 2 factors, was used resulting in 13 combinations, which were distributed as follows: 4 kernel points, 4 star points, and 5 replications at the central point, the design is presented in Table 2 . The Equation (1) of linear regression of optimal response was calculated by a second-degree polynomial equation using the method of least squares:
where Y is the response calculated by the model; A and B are variables; linear regression coefficients are: a 1 , a 2 ; the quadratics are a 11 , a 22 , and a 12 the cross-product effects of two factors on the response. Analysis of variance (ANOVA) was performed to calculate the regression coefficient of the response surface equation and verify the validity of the RSM. The ANOVA table of response (Y) was automatically generated by the Design Expert Software (version 7.0).
Sample was dried, under the optimum conditions of powder and time determined by the routable central composite design, in a microwave oven LG model MS-1742AP and finely grounded using a Krups GVX211 grinder and passed through a 40 mesh sieve (0.42 mm).
Conventional Drying
The carrot pomace obtained after juice extraction was dried in an air-oven (Linderbeg Blue M) at 60˚C during 8 h. The dried sample was finely grounded using a Krups GVX211 grinder and passed through a 40-mesh sieve (0.42 mm).
Fiber Content
Total dietary fiber (TDF) fractions were obtained as indigestible residues after enzymatic digestion, the insoluble residues were isolated by filtration, and soluble fiber was precipitated with ethanol. Dried residues corresponded to insoluble dietary fiber (IDF) and soluble dietary fiber (SDF), respectively.
Scanning Electron Microscopy (SEM)
SEM analysis was conducted as described by Sánchez-Pardo et al. [21] . Samples from microwaved and conventionally dried carrot pomace and cookies were analyzed. Samples were examined at 1500× in a JSM 5800LV SEM (Jeol Inc., Peabody, MA, USA) at 15 kV and 0 Pa, equipped with an integrated program for digital image capture.
Extraction of Bioactive Compounds and Antioxidant Activity
Samples (1 g) were extracted with 20 mL of 80% acetone for 1 h with occasional stirring using a vortex mixer. The extract was centrifuged at 8000 × g. Bioactive compounds such as carotenoids, phenolic compounds and antioxidant activity were determined in the supernatant [22] .
Total Carotenoids and Total Phenolic Compounds
The total carotenoid content were estimated according to method described by Hernández-Ortega et al. [23] . Pigment concentration was determined spectrophotometrically at 472 and 508 nm wavelengths in a UV-Vis spectrophotometer (Genesys 10 UV, Thermo Scientific, Wisconsin, USA). The total phenoliccontent was estimated by the Folin-Ciocalteau method. The reaction mixture contained 100 μL of sample extracts, 750 μL of the FolinCiocalteu reagent, 750 μL of 6 g/100mL sodium carbonate. After 90 min of reaction at room temperature, the absorbance at 760 nm was measured by a spectrophotometer (Genesys 10 UV, Thermo Scientific, Wisconsin, USA) and used to calculate the phenolic contents using gallic acid as a standard. The results are expressed as mg gallic acid equivalent per gram of dry sample [24] . [23] . Phenolic compounds were identified using the method described by Hayat et al. [25] . The chromatographic system consisted of a Agilent Technologies G1311 binary pump and photodiode array detector (Agilent Technologies, San Diego, CA, USA). C18 column (Zorbax SB-C18, 4.6 mm × 150 mm, Agilent Technologies, USA) was used for separation. SolventA consisted of 0.1% formic acid, and solvent B consisted of 100% methanol and the flow rate was 1 mL/min. The solvent gradient in volume ratios was as follows: 0 -13 min, 15% -33% B; 13 -21 min, 33% -39% B; 21 -23 min, 39% -45% B; 23 -25 min, 45% B; 25 -27 min, 45% -15% B; 27 -33 min, 15% B. Phenolic acids were quantified from peak area at 280 nm.
β-Carotene and Phenolic Compounds Identification

Antioxidant Activity: DPPH + (2,2-Diphenyl-1-picrylhydrazil) Radical Assay
The antioxidant activity in the acetone extracts of fresh and dried carrot pomace, and cookies added with CPPs was determined by free radical scavenging activity according to the method described by Brand-Williams et al. [26] . Each sample extract (200 μL) was mixed with 1 mL of DPPH solution (100 mM) and left in darkness at room temperature for 20 min. The solution absorbance was measured at 517 nm. The capacity to scavenge DPPH radical was calculated by the following Equation (2):
where A 0 is the absorbance at 517 nm of the blank control and A s is the absorbance of the sample. In cookies, the percentage of free radical scavenging activity was plotted against the amount of the sample and IC 50 was calculated. The half-inhibition concentration (IC 50 ) value was defined as the amount of sample required for 50% of free radical scavenging activity. The IC 50 value was calculated from the plots as the concentration of sample required for providing 50% of the free radical scavenging activity.
Cookies Preparation
Raw materials were acquired in local supermarkets in Mexico City and stored in glass or plastic containers at room temperature (25˚C ± 1˚C) or under refrigeration according with supplier instructions. In a previous trial (data not shown), untrained panelist selected 30% as the maximum acceptable substitution of wheat flour for dried pomace based on cookie taste.
Cookies formulation, expressed in g/100g, was: wheat flour 40.6, carrot pomace (dried in microwave oven or in conventional oven) 17.4, water 17.4, butter 7.3, salt 1.5, sugar 0.4, baking powder 0.4, milk powder 10.2, fresh egg white 4.4. Dough was prepared by mixing of the ingredients in a kitchen-aid heavy-duty electric mixer (Model K5SS, Benton Harbor, MI, USA). First, butter was mixed for 2 min at speed level 2. Then fresh egg whites were poured into the mixer and mixed for other 2 minutes at the same speed. Carrot pomace (dried in microwave oven or in conventional oven) was added into the mix and after one minute the wheat flour was incorporated and mixed for 2 minutes at a speed level 4, the baking powder was then added and the dough was mixed for 1 minute. Milk powder was dissolved in the water and slowly incorporated and mixed until the dough was homogenous. Salt and sugar were added to the mix until 10 minutes of mixing were reached. The dough was extended immediately in order to obtain dough 2 cm height, and cookies were cut with a square shaped mold (2.5 cm diameter), and placed on greased aluminum cookie trays. The formulation was baked in a rotary oven (Henry Simon Limited, Cheshire, UK) at 180˚C for 15 minutes and then kept in desiccators for moisture stabilization and allowed to be cooled. The cooled samples were packed in plastic bags until sensory analysis.
Chemical composition, bioactive compound content, antioxidant activity and scanning electron microscopy of the cookies were analyzed as described in prior sections. Caloric content was calculated according to the values obtained for protein, ethereal extract and non-nitrogen extract determined by proximate analysis.
Sensory Evaluation of Cookies
A panel consisting of 100 untrained panelists evaluated the freshly baked cookies for different sensory attributes such as color, texture, taste and overall quality.
Statistical Analysis
Results are expressed as mean values ± standard deviations. Response surface data were analyzed using the Design Expert version 7.0 statistical program. Data from CPPs and cookies were processed using the software Sigma Stat (version 3.1 Systat Software Inc. San José California, USA). The analysis of variance (ANOVA) followed by Tukey test multiple comparisons were used to contrast groups. The level of significance was 95%. Sensory evaluation data were evaluated with a Friedman bilateral variance rank analysis, using the Minitab software version 15 (Minitab Inc. Pennsylvania, USA).
Results and Discussion
Optimum Conditions for Carrot Pomace Microwave Drying
Surface response plots for moisture (Y 1 ), temperature (Y 2 ), and color (Y 3 ) of CPD in microwave oven are shown in Figures 1-3 . The equations that describe the surface response behavior for moisture, temperature, and color of the CPD in microwave oven were the following:
Moisture. The two factors interaction model obtained for moisture (Equation (3)), showed a coefficient of determination of R 2 = 0.9916 which indicate that the experimental data fit the model and presents a high level of interaction between the studied parameters. The probability of 0.0039 indicated that the variance was highly significant (Figure 1 1.01AB 11.67A 4.42B
where Y 1 is carrot pomace moisture, A is drying time (min) and B is microwave oven powder (W).
Temperature. The coefficient of determination R 2 = 0.9824 for Equation (4), indicated that the quadratic model applied showed an optimal fit to the experimental data, the variance analysis showed a probability of 0.0084 (Figure 2) . 
where Y 2 is temperature, A is time (min), and B is microwave oven powder (W).
Color. In color, the two factors interaction model obtained (Equation (5)), showed a coefficient of determination of R 2 = 0.9203 which indicate that the model fit to the experimental data. The model variance analysis indicated that the probability was 0.049 (Figure 3) . 
where Y 3 is color, A is drying time (min), and B is microwave oven powder (W). Optimum drying conditions were obtained at a powder of 700 W and a time of 20 minutes.
Fiber Content and Microstructure of the CPPS and Cookies
Fresh and dried carrot pomaces, obtained by microwave or hot air drying, were found to be rich in total dietary fiber (TDF), 60.33 ± 2.80, 64.35 ± 3.50, and 64.15 ± 3.15 g/100g, respectively. In carrot pomaces, fresh or dried, insoluble dietary fiber (IDF) was the predominant fiber fraction as IDF accounted for 79% of the total dietary fiber ( Table 3) . These results agree with the values reported by [5] who found that carrot pomace contained 63.5 ± 1.15, g/100g. Soluble fibers accounted for 21% of the total dietary fiber found in carrot pomaces. The consumption of insoluble fibers is beneficial to intestinal functions by enhancing intestinal peristalsis and increasing fecal bulk [1] . The substitution of 30% of the wheat flour for carrot pomace powders (CPPs) increased significantly (p ≤ 0.05) the total dietary fiber in cookies, from 7.13 g/100g of dietary fiber to 26.44 g/100g ( Table 3 ). The addition of 30% of either of the CPPs more than tripled the content of dietary fiber in the samples compared to the control cookie. No significant difference (p > 0.05) regard the fiber content was found between cookies with 30% of either carrot pomaces powders.
Various levels of dietary fiber have been reported for baked products depending on the source of fiber. Cookies containing 15% extruded orange pulp had increased dietary fiber content of 11.25%, in comparison with 2.1% for the control [27] . The fiber content in breadsticks containing 15%, 25% and 35% Brewer's spent grain (BSG) increased significantly as the inclusion of BSG increased [28] . Similarly, the addition of 15% of dried moringa leaves powder (DMLP) increased the fiber content from 2.4% (control) to 5.3% [29] .
According to FAO (2010), 25 g of total dietary fiber is recommended daily along with 6 g of soluble fiber in a 2000-calorie diet. The consumption of one cookie (7 g) baked with either CPPs will achieve the 7.4% of the daily-recommended fiber ingestion, and the 6.4% of daily intake of soluble fiber, suggesting that the substitu- Figures 4 and 5. Figure 4(a) is the micrograph of fresh carrot pomace and Figures 4(b) and (c) show carrot pomace microwave oven and dried in conventional oven respectively. In Figure 4(b) it can be seen that fiber structure in the product dried in microwave oven basically maintains similar structure as fresh pomace (Figure 4(a) ) while fibers in the product dried in the conventional oven (Figure 4(c) ) appear as long fibers. It has been studied that microwave heating thermal process improved the capillary-porous characteristics of the raw material [30] . Figures 5(b) and (c) (cookies substituted with 30% of either of carrot pomaces) can be observed fiber particles (F) adhering to starch granules and protein fibrils. In the micrographs of cookies with either of carrot pomaces powders some of the starch granules have lost the shape due to gelatinization. Dachana and others (2010) reported that in sweet, semi-sweet biscuits and cream crackers passages of openings of various sizes were present in the material forming main structure. These passages (HS) acted as links between the cavities inside biscuits as well as between the inside of the biscuit and the atmosphere. This network of cavities and passages allow gases and steam generated in biscuits during baking to escape [29, 31] . Cookies substituted with 30% of dried carrot pomace in microwave oven showed the protein matrix and starch granules without full development. Structure of cookies substituted with 30% of CPD in conventional oven resulted comparable to the structure of the control cookie.
Phytochemical Content and Antioxidant Activity
Carotenoid content in fresh pomace was 92.64 ± 12.27/ 100g dry weight (DW), meanwhile in CPD with microwaves was 74.10 ± 4.14 g/100g, and in CPP obtained with hot air was 65.74 ± 6.49 g/100g ( Table 4) . The powders gotten still had a good amount of carotenoids suggesting that the use of these powders could improve the carotenoid content in different food formulation such as cookies. Nowadays, the commercial cookies consumed by population did not contain carotenoids. As expected, the carotenoid content in cookies in which the wheat flour was substituted for either of CPPs increased significantly (p ≤ 0.05) from 0 mg/100g to 9.96 ± 0.64 mg/100g dry sample for cookie substituted with CPP obtained in microwave oven and to 8.20 ± 0.45 mg /100g for cookie substituted with CPP gotten with hot air (Table 5) . Significant difference (p ≤ 0.05) in the carotenoid content between cookies baked with CPPs was found. The cookie with CPP obtained with microwaves presented 17.67% more carotenoids than cookies with CPP gotten in conventional oven. According to FAO/OMS, 15 mg of carotenoids is recommended daily in a 2000-calorie diet, so the consumption of one cookie (7 g) baked with either of the CPPs will achieved approximately the 4.2% of the daily-recommended carotenoid ingestion, suggesting that CPPs could be considered as a raw material that can improve the carotenoid content of food products. Regard to the phenolic content, both CPPs had a lower phenolic content (p < 0.05) compared to the phenolic content found in fresh carrot pomace (1505.35 ± 27.5 mg GAE/100g CPP obtained with microwaves and 1412.26 ± 6.36 mg GAE/100g CPP gotten with hot air vs. 1841.08 ± 40.14 mg GAE/100g fresh carrot pomace, Table 4 ). The reduction could be explained since phenols are extremely sensitive to thermal treats [32] [33] [34] however, the results obtained in the present work, showed that the microwave drying reduced the phenol loose in a 5% compared with the hot air drying.
Both cookies containing CPPs exhibited significant higher (p ≤ 0.05) levels of total phenolic content (TPC) compared to control cookies. In cookies pomace dried in microwaves increased 74.2%, and in cookies with CPD with hot air increased 56.8%. Cookies with 30% of CPP obtained in microwave oven had 10% more phenolic content than cookies with air-dried CPP ( Table 5) .
Similar increases in the bioactive content of biscuits was observed with the addition of mango peel powder [22] , dried Moringa leaves [29] and guduchi (Tinosporacordifolia) leaf powder [35] .
The HPLC analysis (Table 6 ) revealed that CPPs, dried either with microwaves and hot air, still contains and β-carotene, finding the highest (p ≤ 0.05) amount in microwave dried carrot pomace (15.81 ± 0.78 µg/g DW).
Cookies with the 30% of CPP dried in microwaves had higher (p ≤ 0.05) carotenoid content than cookies with the carrot pomace powder dried with hot air. The fact that carrot pomace still contains β-carotene after thermal processing suggested that this by product could be employed as a raw material to elaborate different foodstuffs that could help to cover the daily intake of this carotenoid.
Four phenolic compounds were identified in CPPs. Gallic acid was the main phenolic compound identified; epicatechin, catechin and ferulic acid were also present.
In cookies with CPPs, the amount of the four phenolic compounds decreased, but it is important to observed ( Table 6 ) that epicatechin, and important flavanol with health related benefits [36] , is still present at cookies with 30% of carrot pomace powder dried in microwaves, suggesting that this drying method helps to preserved important phenolic compounds with health related benefits.
Regard to the antioxidant activity, fresh carrot pomace generated 91.8% of DPPH inhibition; this activity was reduced (p ≤ 0.05) in an 8.2% with microwave drying until reach 84.3% of DPPH inhibition ( Table 4) . The hot air-drying also reduced the antioxidant activity, generating a 10% loss, and reaching 82.7% of DPPH inhibition. The reduction in the antioxidant activity after drying process might be associated to the reduction on the carotenoid and total phenolic contents, because the phytochemicals, carotenoids and phenolic compounds, were reduced in 20% with microwave drying and in 25% with hot air drying. No difference between CPPs was found regard to the antioxidant activity.
In cookies, the amount of cookie required to obtain the 50% DPPH radical scavenging activity (IC 50 value) was 230 mg for the cookie incorporated with 30% of microwave dried CPP and 300 mg of cookie with hot air dried while it was 790 mg in case of control cookie ( Table 5) . The substitution of wheat flour for either of CPPs reduced in a 66% the quantity needed to inhibit the fifty percent of the DPPH activity, showing and improvement in the antioxidant activity with the addition of the CPPs. Similar results regard to the increase in the antioxidant activity was found in cookies baked with mango peel powder [22, 37] . The antioxidant activity increased in the cookies with CPPs compared with the control cookie may be attributed to the rise in the content of carotenoids and phenolic compounds, due to the phytochemical content significantly increased (p ≤ 0.05) in a 79% with the use of CPP dried in microwave oven and in 60% with the CPP obtained by hot-air drying.
The differences found in phytochemical content and antioxidant activity between cookies might be attributed to the influence of the heat treatment in the structure of carrot pomace, as can be seen in Figure 4 (b) the fiber structure remains intact in pomace dried with microwaves compared to the microstructure of CPP obtained with hot air (Figure 4(c) ), suggesting that the fiber well define structure observed in CPD in microwave oven could protect the phytochemicals after a severe heat treatment such as baking process.
Sensorial Analysis of Cookies
Both cookies formulated with the CPPs exhibited an improvement in the crust color, 60% with CPP microwaved and 20% with CPP obtained with hot air. Control cookie had a creamy white color (Figure 6 ), while cookies prepared with CPD with microwaves and hot air had an orange color and yellowish brown color respectively. The improvement in the color of cookies could be attributed to the increased in the carotenoid content.
Cookies texture was improved in a 40% with the CPP obtained by microwave drying and 20% for CPP gotten with hot air ( Table 7) . The samples added with CPPs became relatively softer compared to the control cookie, this might be due to the high swelling property capacity of the carrot pomace [3, 5] . The biscuits in which flour was replaced in a 30% for either of CPPs had a pleasant sweet flavor. CPPs help to improve the taste of the cookies in 18.8% with the addition of microwaved dried car rot pomace and in 12.5% with the addition of CPP from hot air drying. The cookie added with the CPP dried with microwaves received the highest acceptance because an 88% of the panelists gave a qualification "good" to the cookie added with the CPP obtained by microwave drying. It is noteworthy that the replacement of wheat flour for CPPs significantly (p ≤ 0.05) reduced in a 23% the caloric content of cookies. Control cookies had a caloric content of 368.38 kJ/100g, meanwhile cookie with microwave dried CPP had 274.24 kJ/100g and cookie with hot air dried carrot pomace had 275.15 kJ/100g.
Conclusion
Substitution of wheat flour for either of carrot pomace powders increased the dietary fiber and carotenoid content in cookies, and also helped to reduce the caloric content of cookies, suggesting these could be employed as raw materials to produce foodstuff high in fiber, with improving phytochemical content and low in calories. 
